Abstract: Using recycled concrete aggregates (RCA) is a matter of high priority in the construction industry worldwide. In countries like the Netherlands, Denmark, Germany, USA, Japan, France recycled concrete aggregates obtained from demolition are valorized up to 90%, mainly for road construction and less in the manufacture of new concrete. Recycled concrete aggregates (RCA) generally result from a two-stage crushing of the concrete obtained from demolition followed by the screening and removal of contaminants (wood, plastic, metal, ceramics etc.). The literature review showed that the recycled aggregates concrete (RAC) are less resistant, with 15 to 40% versus concrete obtained using natural aggregates. The factors that play a role in the reducing of mechanical resistance are presented and analyzed in this study. This paper presents a study on the use of recycled aggregates, from a concrete of specified class, to acquire new cement concrete with different percentages of recycled aggregates. In order to evaluate the influence upon the properties of the new concrete obtained, recycled aggregates have been characterized in terms of the granulosity, the granule shape, the absorption of water, behavior to the Los Angeles test, the content of attached mortar etc.
Introduction
Natural aggregates (gravel and crushed) are essential non-renewable resources which are used for infrastructure works and civil engineering. In European Union member states from Southeast Europe, it is estimated that the construction industry will grow by 4.2% thereafter complicating aggregate supply management [1] . In addition, a significant additional problem that can be associated to the aggregates industry is wasting potential resources through waste dumping of inert waste, especially waste from construction and demolition activities.
In highly developed countries this inert waste is processed in recycling plants, fixed or mobile, to obtain recycled aggregates that are used according to specific rules as a complementary resource for the supply aggregates [2] [3] [4] . In 2012 in Romania, less than 10% of construction and demolition waste (including concrete) are valorized, while the European Union requires that by 2020 this proportion should be at least 70% (Directive 2008/98 / EC on waste, transposed into Romanian legislation by Law 211/2011) [5] .
In the composition of the waste from construction and demolition prevails (% m 3 waste / 100 m 3 total waste): 42% Concrete (original aggregate + mortar adherent), 26% masonry materials (brick), 20% bitumen, 6% rubble, 6% wood, metal, plastic, [6] . The main phases that characterize a manufacturing process of the waste from construction and demolition, are: crushing, screening and separation. Depending on the efficiency of waste processing and the quality of recycled aggregate concrete (RCA) obtained, poor quality aggregates can be used as foundation material for roads while high quality ones for new concrete in construction.
In the next period a fast growing of the amount of recycled aggregate concrete is expected following the end of the life cycle of buildings constructed in the 1960s, 1970, which led to the development of new technologies for the production of recycled aggregates to high quality which can be used to obtain new concrete [7] [8] .
To obtain good quality concrete using recycled aggregate is necessary to meet the minimum requirements defined by the rules for the manufacture of concrete with natural aggregate. Properties of recycled aggregate are the basis for concrete quality; also establishing appropriate proportions between components and the concrete production methods are extremely important for its quality [9] [10] [11] .
Recycled aggregates are composed of the original aggregates and adherent mortar. The relative proportions of these components varies with the type of the original concrete, properties of the natural aggregate, cohesion between natural aggregate and mortar, and the type of crusher used in production. The size of particles has also an important role. The bigger particles tend to contain a higher amount of natural aggregate and the small ones are generally formed preponderantly of crushed mortar. Adhered mortar is a porous material whose porosity depends on the A/C ratio of recycled concrete used. Usually, there are 30-60% (% vol.) adhered mortar to the surface of the RCA, rate dependent on the size, nature and the initial roughness of the aggregate used in the originally concrete, [9] .
The crushing of materials from demolition is carried out with jaw crushers or hammer crushers. Jaw crusher enable processing voluminous blocks according to their input. They have the inconvenience of a coarse fragmentation which requires most often a secondary crushing. Hammer crusher has the following advantages: enable better fragmentation from the first crushing and a good separating of the reinforcement from concrete. Inconvenience is the fact that the dimensions of workpiece materials are limited because of the operating principle of these crushers and their accentuated wear (three times higher than in jaw crushers) [12] .
With the necessary adjustments, concrete crushers can be configured to produce almost any required particle size, although there is generally an excess of fine part produced. For the same amount of fine material produced, 60% of the granules obtained with crusher hammer are less than 10mm compared to only 40% of those obtained with jaw crushers. The aggregates obtained with impact crusher are more cubic, [13, 14] .
Recycled concrete aggregates tend to be rougher and more angular compared to natural aggregates and their properties (physical, mechanical, chemical) different because of the production process (crushing) and the presence of mortar on their surface.
Compositionally, recycled concrete aggregates have less of a SiO 2 content than natural gravel and a higher CaO content while as mineralogical components contain silica, calcium carbonate and feldspath, [15] .
The water absorption capacity of RCA is higher than with conventional aggregates. The main factor that influences the absorption of RCA is the presence of attached mortar which is porous and highly absorbent, with a surface area greater than that of natural aggregates.
The RCA bulk density decreases with the increase of attached mortar content due to lower density of the mortar in relation to the natural aggregate. The decrease is also observed when the size of the particles increases as, in general, the mortar content increases.
Mass loss from Los Angeles test abrasion has, usually, higher values for RCA than for natural aggregates due to the brittleness of mortar and presence of the natural aggregate particles that were only fractured after crushing. According to the specifications for aggregates used in concrete, aggregates can be used to make concrete if Los Angeles weight loss does not exceed 50% [16, 17] .
The durability of recycled concrete aggregates is affected by freeze-thaw cycles. Concrete pavers that had suffered from freeze-thaw as a result of using a coarse aggregate sensitive to frost, are recycled as sub-base for roads, [18] .
The potential of alkali-silica reactions in new concrete containing RCA is influenced by the initial level of the alkali in old concrete, by the remaining reaction potential of recycled aggregates and by the alkali content of new concrete. The use of low-lime Class F fly ash and slag cement has greatly reduced ASR expansion in new concrete. Other mitigating techniques include limiting the content of RCA fines, reducing concrete permeability through a lower water content, using admixtures such as lithium nitrate, and reducing time exposure to moisture.
Research and construction projects have demonstrated that, with appropriate selection of cementitious materials, RCA containing reactive (and even highly reactive) aggregate can be used safely. [18] .
The presence of impurities in RCA determine major reductions in compressive strength of recycled aggregate concrete (RAC), [19] . In the recycled concrete aggregates from sources exposed a long time to thaw chemicals, high levels of chlorides were found that often raises issues regarding concrete durability and, in time, corrosion of embedded reinforcing steel. German rules specify the conditions of purity concerning RCA: maximum carbon content 0.5% for 0/4 mm sort and 0.1% for 4/8 mm; sulphide and sulfur content, maximum 1%; chloride content, maximum 0.02%, [19, 20] .
RCA must also meet the environmental conditions. Thus, the proposed limit values (maximum) by German standards for toxic elements are: As -50 g/l, Pb -100 g/l, Cd -5g/l, Cr -100 g/l, Cu -200 g/l, Ni -100 g/l, I -2 g/l, Zn -400 g/l, [17, 21] .
A problem facing the recycled concrete aggregates is the potential for precipitation. Crushing concrete reveals previously unexposed surfaces that usually contain some calcium hydroxide, as well as some unhydrated or partially hydrated cement grains. Calcium hydroxide is highly soluble and is easily leached from the RCA particles from stockpiles and drainable subbase layers, resulting in highly alkaline runoff and effuent. The dissolved calcium hydroxide can combine with CO 2 to form CaCO 3 , which precipitates out of solution to form a heavy, creamy substance. Dust and other fine particles resulted from the crushing, screening and handling operations can also settle on filter fabrics and in drain pipes, further exacerbating the problem. Over time, these materials can clog drain pipes and blind filter fabrics, [21] .
After crushing to obtain RCA, small amounts of particulates (dust crusher) remain on RCA which lead to increasing demand for water and reduced mortar -aggregate adherence in new concrete. Washing aggregates, which is often performed for natural aggregates, is not necessary in this case but can be helpful or desirable in some cases [22] .
In the literature [23] [24] [25] , it was shown that the recycled aggregate concrete (RAC) are less resistant, with 15 to 40% versus concrete with natural aggregates. The factors influencing reducing mechanical resistance include:
-mechanical strength of the original concrete and respectively for recycled aggregates obtained; -the origin of the original concrete from multiple sources versus once source; -the amount of attached mortar to recycled aggregates; -the percentage of replacing natural aggregates with recycled aggregates; -use of fine recycled aggregates;
The present study aimed the characterization of some recycled concrete aggregate obtained from established class concrete and their use in different proportions to achieve new concrete. The new concretes are also characterized (density, mechanical strength, modulus of elasticity etc.) and the factors affecting their properties analyzed. Fresh concrete was characterized in terms of workability (determination of slump by Abrams cone), apparent density, air content, [26, 27] . All concrete samples, cubes (d = 15cm) and cylinders (dxh = 15x30cm), were demoulding after a day and kept in water at 20C2C, until the date of 28 days necessary for determinations on hardened concrete. Preparing and maintaining test specimens was done according to standards.
Recycled concrete aggregates
Compressive strength was determined following a request by friction using a hydraulic press 3000kN with a loading speed of 0.6 ± 0.2 N / mm 2 ·s, according to SR EN 12390 -3. Previously, concrete samples (cubes) were weighed and geometrically measured to calculate the apparent density. Values of the properties of fresh and hardened concrete are listed in table 2. The achievement of strength class proposed in the research was verified by comparing the compressive strength at 28 days, with preliminary resistance for the class shown in the last column of table 2. (Table 3) obtained with an impact crushing to those obtained with a jaw crusher, generally, a higher proportion of coarse parts(sorts 1-2; > 2) in the aggregate obtained with a jaw crusher is observed, particularly for concrete aggregates from larger class. This is in accord with the literature data according to which the hammer crusher produce more fine part than the jaw crusher and recycled aggregate derived from a higher class concrete is coarser than that coming from a lower concrete. Finally, for the production of recycled aggregate concrete and to compare their properties with those of the original concrete, through the successive crushing and screening, there were obtained three granulometric classes of recycled aggregate 0-4; 4-8 and 8-16. In this study, for new concrete, only recycled aggregate derived from C25/30 concrete class was used. Images of these aggregates, the coarse sorts 4-8 and 8-16 are shown in fig.1-2 . 
Characterization of recycled concrete aggregate
Recycled aggregates, as well as natural aggregates, do not all have the same features, so that, depending on their specific performances, they are more or less suitable for certain applications. Therefore, it's of great importance to know the properties (density, granulosity, granule shape, water absorption, weight loss to Los Angeles test, attached mortar content etc.) and the behavior of aggregates towards different factors (mechanical strength, exposure to freeze-thaw cycles or to water etc.) rather than knowing their origin.
Density
For calculating the composition of recycled aggregate concrete the bulk density of the aggregate must be known. In determining density (volumic mass) the displacement method and toluene as inert liquid were used to not falsify the volume due to the reaction of non-hydrated cement from old attached mortar and water. The results, shown in comparison with those obtained on natural aggregate, are presented in table 4. The experimental values confirms that due to the porous attached mortar the density of the recycled aggregate is less than the density of original aggregate. Also, the density decreased with the increasing size of the grain aggregate.
Granulometric distribution
Recycled concrete aggregate derived by class C25/30, 10-50 sort, was divided into elementary sorts 10-16, 16-31.5, 31.5-45 and 45-50. Table 5 shows the particle size distribution obtained in a volume of 200 kg. Results on different samples are comparable. 
Granule shape
Under the current rules, the granule shape is assessed by shape index and flatness coefficient; they were determined for recycled coarse aggregate, 16-31.5 sort. The values are presented in table 6 along with similar data obtained for natural river aggregate and crushed aggregate, 12.5-16 sort. As expected, both the shape index, SI, and the flatness coefficient, A, has high values which shows a high percentage of non-isometric granules, recycled aggregates classification being made into unfavorable categories. All features in terms of the granule shape, for recycled aggregate, are inferior to the characteristics determined for natural aggregates. The results show that the water absorption of recycled aggregates is much higher than the original aggregates (natural), this being due to the presence of old mortar, porous, attached to the gravel granules. Also, there is a slight decrease in the coefficient of water absorption with the growth of granule aggregate size which suggests that the attached mortar is in a higher proportion on the smaller granules.
Behavior to the Los Angeles test
The weight loss following the Los Angeles test was determined, according to SR EN 1097-2: 2010, for recycled aggregate, 10-16 sort, achieved with an impact crusher. The Los Angeles test was performed on a Matest machine A075 type, using nine steel balls and a 31rpm rotational speed of the drum machine. To compare results, Los Angeles coefficient was determined for river aggregate and crushed aggregate, using 8-16 sort. Los Angeles coefficient value for recycled aggregates was significantly higher than values obtained for natural aggregate (tab.8). This behavior is justified by the presence of hardened mortar attached to original aggregates, which during the Los Angeles test detach as a fine powder. The result is in correlation with data from the literature and allows the utilization of the recycled aggregate in new concrete.
The content of attached mortar in the recycled aggregate
Juan Sanchez et all. [28] has found the mortar content variation of RCA to fit the aggregates size:
-RCA 4-8 mm sort contains 33-55% mortar;
-RCA 8-16 mm sort contains 23-44% mortar.
Therefore, for this study the proportion of attached mortar from recycled aggregate is important and how it varies depending on the granulometric sort and on theconcrete class it comes from. The literature lists several methods of determining the proportion of attached mortar [28] , in this study the method of heat treatment was chosen. This method consists in heat treating of the recycled aggregate, followed by thermal shock and the separation of the mortar from the surface of the original aggregate granules. Recycled aggregate from three classes of concrete C16/20, C25/30 and C35/45 were used for two granulometric sorts: 4-8, respectively 8-16.
The content of attached mortar, in % weight, is calculated with the equation 1:
(1) where:
-mass of the recycled aggregate sample ; -mass of the aggregate sample after the mortar has been removed; the sample was sieved on 4 mm sieve.
The data presented in fig. 3 stands out the aggregate size as one of the factors that affects the mortar content. The proportion of attached cement is, in general, higher in the lower fraction (4-8) than in the upper (8) (9) (10) (11) (12) (13) (14) (15) (16) , for the same class of the original concrete. 4-8 sort has a content of 35-54% attached mortar while 8-16 sort between 35-42%. Also, for both granulometric sorts studied, the percentage of the attached mortar increases as the original concrete class of provenance of recycled aggregate is greater. The results are in agreement with literature data. 
Recycled Aggregate Concrete
Using recycled aggregates made from concrete of C25/30 class, new concretes were made, based on the same recipe and with similar target characteristics, to track changes of their properties to a substitution degree of natural aggregate between 0 and 100%.
Due to the porosity of recycled concrete aggregate, given by the attached mortar to the original aggregate granule, the water absorbed by the aggregate must be taken into account when determining the composition of recycled aggregate concrete. Thus, it requires the establishment of two A/C ratios; a global A/C ratio which includes water absorbed by the aggregate and effective A/C ratio referring only to the water present in the mixture in relation to the binder.
Obtaining the recycled aggregate concrete
The amounts of mixing water, cement, aggregates and additives were established according to NE012/2007 and CP012/2007, following the same steps as in the case of a natural aggregate concrete.
The proportions in the mixture were calculated so as to satisfy the following conditions:
-the recycled aggregate to replace the natural aggregate in a proportion of 0% (reference), 20%, 40%, 60%, 80% and 100%, for all sorts used; -the recycled aggregate was used dry, the necessary water for saturation of the recycled aggregate was added during the components' mixing;
-river aggregate and recycled from crushed concrete, 0/16 mm on 3 granulometric sorts: 0/4; 4/8 and 8/16 mm, respectively; -slump class of the fresh concrete S 2 (50 ÷ 90 mm);
-superplasticizer additive / high range water reducer.
As with concrete from which the recycled aggregate was obtained, CEM V A S-V 42,5 N cement was used and as an additive: superplasticizer Glenium 27 (1% weight of cement).
Obtaining, preserving and preparation of samples for testing was done according to the rules adopted for concrete with natural aggregate.
In table 9 are shown the compositions for 1m 3 concrete with different proportions of recycled aggregate (R1-R6) and some data of interest such as: fresh concrete slump, A/C global ratio, density of fresh concrete, experimental observations. According to experimental observations, recycled aggregate concrete loses its cohesion and becomes more nonworkable as the percentage of recycled aggregate increases. If to the establishment of theoretical composition the A/C ratio was 0.55, the real (experimental), for carrying out the slump class the A/C ratio was initially used small, in the case of compositions with 0, 20 and 40% recycled aggregate and over the theoretical value in the case of recipes with a lot of recycled aggregate (80 and 100%). This is due, of course,to the increase of need for absorption water when increasing the amount of recycled aggregates.
Characterization of recycled aggregate concrete
The recycled aggregate concrete obtained were characterized from the point of view of the properties of interest. This paper only refers to variation in apparent density and compressive strength of concrete with recycled aggregate content, following that in another study to be presented in detail all the properties analyzed. The tests were performed on cube sample with sides of 15cm, respecting current rules used for concrete with natural aggregate.
In the table 10 the values of apparent density for hardened concrete are shown, with different proportions of recycled aggregate, and the compressive strength of the same concrete. A decline in concrete density was observed with the increase in content of the recycled aggregate, situation also evidenced in the case of densities obtained for fresh concrete. Obviously, this behavior is due to the smaller density of the recycled aggregate compared to the natural aggregate. The compressive strength of concrete has a surprising variation which was expected to decline by increasing the percentage of the recycled aggregate. This was not confirmed by the destructive tests carried out, much more so, in some compositions seeing a slight increase in strength to blank concrete with natural aggregate, fig. 4 . The explanations for such behavior arise from the following:
-concrete from which the recycled aggregate comes has not been used, its quality is very good, not containing impurities as it usually happens to the demolition aggregat;
-recycled aggregate was obtained by crushing, it has "fresh" surfaces, roughness, which provides a better adhesion to the cement paste compared to the river aggregate;
-un-hydrated cement granules of recycled aggregate allow the formation of additional amounts of hydrocomponents with binding properties, during setting and curing of the new concrete, which leads to a strengthening of the structure.
Note: Use of recycled aggregates in concrete is made on the basis of National/European specific prescriptions (SR EN 206: 2014), with limits for type A or B recycled aggregates. Aggregates obtained by crushing of hardened concretes unused in structural elements are considered reclaimed crushed aggregates, [29] .
Conclusions
The paper presents a series of characteristics of recycled concrete aggregates of predefined class, mostly in comparison with characteristics of natural aggregates. It was highlighted the influence of the type of crusher used to obtain recycled aggregates on granulometry and granule shape and the influence of the attached mortar on the density, water absorption, behavior to the Los Angeles test etc. The proportion of attached mortar was determined and correlated with provenance concrete class of the recycled aggregates and their granulometric sort.
The aim to characterize the recycled aggregates is their valorification in new concretes used in construction. In this regard a series of concretes have been made in which the recycled aggregate content varied from 0 to 100%. The new concretes were characterized from the point of view of change in the density and compressive strength with variation of the proportion of recycled aggregates. It has been shown that an increase in recycled aggregate content does not necessarily mean a reduction in compressive strength, the quality of the aggregate having a decisive role. The results were confirmed by data from the literature.
Another study will continue to show the influence of recycled aggregate content on other characteristics of the new concretes while in fresh or cured state.
